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&, AT 20em, Az R 2 R 27 R bR g

TTEH,
1.3 MEFH*E
131 REIAR TR E Rk & AR L

PR BRAS/NXBEHLIME 10 ¥k, EHCRRR =25 A
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{8571 Excel 2010 #4784 HE, K] SPSS 19.0
() B R 2R T 22 0 BT i A T8 43 B, FIF Duncan 2%
PHTZE R, WETEAREHR 0.05.
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0.24, P14-22 751K % & B9 - o ) F 55 3 A4 i
(&) BIEELLHITE 0.53~0.70, BMUEE 13 Fra bR
BB 2 Al 2 A R FEASIRER b P14-22
F1 P13-3 ZEFINI L A1 Bifi b 28 25 44 s i I R, X
2l R R L AR AR I 5 2 A . BRI 13
TEN R BT A2 Rl A 35 22 57 (P>
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Table 1 Variance analysis of main agronomic traits of barley under different planting densities
A S H i ENa Rl i) LGB
Source Degree of freedom Plant height Stem proportion Leaf proportion Ear proportion
[X2H Blocks 2 0.23 0.18 5.04 2.37
Al (R)Cultivars (Lines) 2 4.84" 18.79™ 33.03" 4530
¥ Densities 2 402.43" 6.18" 14.01" 24.42"
BERE x il () Density x Cultivar (Line) 4 2.69" 3.59" 12377 16.62"
7T BRIFORTE 0.05 F0.01 KPR BE . FIF
Note: """ and """ indicate significant difference at 0.05 and 0.01 levels, respectively. The same below
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Table 2 Effects of different planting densities on main agricultural traits of barley

R () vk 2 PR (cm) B (e) I HCB (/) HLLH (/g)
Cultivar (Line) Planting density Plant height Stem proportion Leaf proportion Ear proportion
P14-22 {F Low 85.38 + 1.26¢ 0.23 +£0.02a 0.24+0.0la 0.53 +0.03e
1 Medium 88.44 + 1.96¢ 0.20 £ 0.01b 0.15+0.01be 0.65+0.01cd
= High 87.20 £ 2.02¢ 0.18 £ 0.01bc 0.15 + 0.02be 0.66 + 0.01bed
B 13 Kenpimail3 % Low 108.24 +2.47a 0.17 £ 0.00cd 0.13+0.0lc 0.70 +£0.01a
H Medium 109.46 + 3.05a 0.18 + 0.00bc 0.14+0.0lc 0.68 + 0.01abe
= High 104.08 + 1.24b 0.17 £ 0.0lcd 0.13 +£0.02¢ 0.70 £ 0.01a
P13-3 fI% Low 86.04 +3.20¢ 0.18 £ 0.03be 0.18+0.01b 0.62 +0.02d
H1 Medium 87.18 + 1.89¢ 0.15+0.01d 0.16 + 0.02bc 0.65 + 0.02cd
= High 86.24 +2.62¢ 0.15+0.01d 0.15 £ 0.03be 0.67 + 0.03bed

TE: P/ INE FRERTE 0.05 K1 12253 RE, T

Note: Different small letters in the same indicate mean significant different at the 0.05 level. The same below
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Table 3 Variance analysis of fresh grass and hay grass yield and water
soluble carbohydrate of barley under different planting densities

A5 KR Source FIH fif ik Tk THRAR B
Degree of freedom  Fresh grass yield ~ Hay grass yield ~ Dry matter content Water soluble carbohydrate
X4 Blocks 2 1.47 0.38 28.03 0.43
fhAl (F) Cultivars (Lines) 2 62.97" 9.07" 30.82" 7.24"
B Densities 2 37.27" 2420 18.37" 0.83
L x i () Density x Cultivar (Line) 4 482" 1.53" 2717 0.19

x4 TEMEZTEXNKRZLHTE., TYURSEURITAEBKLEYRENZN
Table 4 Effects of different planting densities on fresh grass, hay grass yield and water soluble carbohydrate of barley

Al () ol 12 i 54 (t/hm?) TR (thm?) THFE R (%) RO (%)
Cultivar (Line) Planting density Fresh grass yield Hay grass yield Dry matter content Water soluble carbohydrate
P14-22 1% Low 28.17 + 0.44cd 14.30 + 0.66¢ 51.23 +2.21¢ 2.82+0.23b
1 Medium 33.61 £0.51a 17.74 £ 0.77a 52.14 = 1.27¢ 2.43 +0.54b
5 High 30.28 + 1.75bc 16.14 + 1.30ab 53.32+0.87¢ 2.54 +0.43b
ELIRZE 13 Kenpimai 13 1% Low 24.72 + 1.13ef 12.61 + 0.39¢d 50.86 +2.43¢ 4.52 +0.52a
1 Medium 30.02 + 1.80b 17.11 + 1.29ab 56.82 +0.77b 421 +0.34a
1= High 30.22 + 1.39bc 17.16 £ 1.16a 57.29 + 0.28b 422 +0.63a
P13-3 {I% Low 23.72 + 1.36f 12.25 +0.99d 52.39 +£2.23¢ 2.22 +0.43b
1 Medium 26.44 +0.95de 14.85 + 0.88he 56.82 + 1.86b 1.73 £ 0.37b
5 High 23.72 + 0.25¢ 15.38 £ 0.80bc 65.34+3.17a 1.93 £ 0.48h
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T E XS, PlA-22 R BT 0y h PRV iRk 4 4k 5
BT HhEE (P<0.05); AEAIT, thi
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WRZZ 13 F1 P13-3 =% T IR M DR IR AR 4 1%
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FHLER (18 B X R 2% B o AN — 3, P13-3 MR
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AP 1 F RO 25 5 AN RIb R B B
WA 13 FLEE A Ak, PI3-3 A& i,
P13-3 A AN () EIK. . S N5
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Table 5 Variance analysis of silage material quality of barley under different planting densities

A Somee FrihE TP MPREE  BER BN HOR
Degree of freedom  Neutral detergent fiber Acid detergent fiber Crude protein ~ Crude fat ~ Crude ash
X2 Blocks 2 0.28 0.17 1.02 0.18 6.77
fFh (F) Cultivars (Lines) 2 1.64 438 134.86™ 456" 18.46”
W Densities 2 8.99° 32.63" 24.50" 1.50 11.27"
FEIE x A (FR) Density x Cultivar (Line) 4 2.41 8.69" 20.017 401" 1.59
®6 AEMEREXNKEBTVREE @RI
Table 6 Effects of different planting densities on the quality of barley silage material %
il () e s SR ERVRS SRS PRIEVE R AT 4 R HLUIE i HUKSY
Cultivar (Line) Planting density ~ Neutral detergent fiber ~ Acid detergent fiber ~ Crude protein Crude fat Crude ash
P14-22 {I% Low 56.58 +2.62¢ 24.16 + 1.12cd 4.63 £0.12¢d 1.88 £0.33a 6.29 + 0.09ab
1 Medium 65.66 + 3.50a 18.98 + 1.51e 4.29 +0.24de 1.83£0.37a 5.74 £ 0.28hc
f= High 62.78 + 0.85ab 32.76 + 1.94a 4.57 £0.19¢d 1.53 £ 0.09ab 5.87 +0.08¢
RIZZ 13 Kenpimail3 {I% Low 59.89 + 0.18hc 22.56 + 1.66¢d 4.10 £ 0.28e 1.60 £ 0.21ab 5.47 £ 0.28cd
H1 Medium 63.03 + 1.24ab 27.72 +2.33b 3.71 £0.20f 1.79 + 0.12a 5.47 £ 0.70cd
1= High 57.35 £3.55¢ 29.01 + 1.98b 4.01 £ 0.16ef 1.13 £ 0.36bc 5.09 £ 0.30d
P13-3 1% Low 60.44 + 4.03bc 21.08 £ 0.15de 6.65 +0.28a 1.44 £ 0.15ab 6.38 +0.12a
1 Medium 64.04 +2.82ab 23.95 + 3.00cd 5.26 +0.19b 1.60 + 0.28ab 5.72 £ 0.27be
i High 62.43 +0.99ab 25.97 + 1.99he 4.82+0.23¢ 1.04 £ 0.25¢ 5.68 £0.21c

HLRE T & & (P<<0.05), P13-3 MK 5y 7 & i 5 Fh
FEL (R TN i S 2 R (P<<0.05), BMAE 13 %%
WENHR SR B EER (P>005),

24 AFEAMEZEEMNAZARRT (R) Fm
s el
8 3 3 AN [ ol s X DR A T It S A 52
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(F7. #8) KM, KEMM (R) XHFEKE
f)pH, AR, BB EEA BELER (P<
0.05 ), X NR & A BB E 2R (P<0.01 ), Ff
F 2 XTI R E W ES A & A B EYm (P<
0.05), HXIF pH, FLER. LR, WERM TR =
B REL (P>0.05), BEMSFM (R) ZIA
2 HAE R 05 6 B & 5 (P>0.05 ),
3AENRE MM (FR) 1 pH 7E 3.99~4.77, Hrp

P14-22 {EARS5 B R 1Y pH /N, M 3.99, Afa)ib B
XFRFE pH TCHEF M (P>0.05 ). A& (F)
(SRS RTE 2.18%~3.57%, % EMEE 13 7Eh%%
N ARG R BT HA S AN (P<<0.05), J
MR (R) AFEAE R R E 2R (P>005), 3
NHWRE SR (R) FLRR . SRR & &5
15 3.99%~4.77% . 0.27%~0.53%. 0.09%~0.28%. /~
[ PR R T T R4

R7 AEAWEZEMAEENRRHSESH

Table 7 Variance analysis of silage quality of barley under different planting densities

AR SRR Source FIHH L pH ABA iLEE . Zﬂﬁ . WE& . TM .
Degree of freedom NH;-N Lactic acid ~ Acetic acid ~ Propionic acid Butyric acid
[X 2 Blocks 2 0.77 0.22 0.77 1.13 0.05 0.00
Sl (R) Cultivars (Lines) 2 7.50° 6.79° 7.50° 5.16" 7.96" 0.00
2% Densities 2 1.43 4.09° 143 1.42 1.23 0.00
BEJE x AP () Density x Cultivar (Line) 4 1.99 1.39 1.99 1.69 0.19 0.00

*®8 AEMEZENAEEIRERINT

Table 8 Effects of different planting densities on barley silage quality
sl () Rl AEHR (%) FLAR (%) L1 (%) R (%) T (%)
Cultivar (Line) Planting density pH NH;-N Lactic acid Acetic acid Propionic acid ~ Butyric acid
P14-22 {I% Low 3.99+0.11c 3.57+0.36a 3.99+0.11c 0.43 £0.10ab  0.14 £ 0.05¢ 0
1 Medium 4.34 + 0.33abc 2.43 +0.09ab 4.34 + 0.33abce 0.49 +0.03a 0.09 +0.07¢ 0
= High 4.31 £ 0.06bc 3.49 £0.13a 4.31 £ 0.06be 0.49 £ 0.05a 0.11 £0.02¢ 0
RIS 13 Kenpimail3 1% Low 4.56 +0.07ab 238 +048ab  4.56 +£0.07ab 0.53 £ 0.06a 0.13 £0.03¢ 0
H1 Medium 4.57 £ 0.20ab 2.18 £0.02¢ 4.57 £ 0.20ab 0.48 £ 0.07a 0.09 £ 0.10¢ 0
= High 4.77 £0.07a 231+£0.57ab  4.77£0.07a 0.51 £0.05a 0.12 £ 0.04c 0
P13-3 {I% Low 4.47 £ 0.25ab 3.14+£0.39ab  4.47 £ 0.25ab 0.27 £ 0.24h 028 £0.11a 0
H1 Medium 4.66 £ 0.18ab 2.46 +1.00ab  4.66 +0.18ab 0.50 £0.17a 0.21 £ 0.09ab 0
5 High 4.24 + 0.44bc 242 +047ab  4.24 + 0.44bc 0.27 £0.07b 0.20 + 0.03ab 0
3 Wi B RSTERORO T 58 550000, ST R

31 AEMEZENAEZF=EMEMTELL GRS
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B, Bk Ry AR IR AT e S R 2 B
R (o bt BRI Bl 25 25 1) & B 25 4 B 1Y)
PR, FOKRKIEF4E S a ., HE G AR & &
Wy, AR, MEMEEENIRRE, Pl4-
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(RS 2 BRI B MALAE 13 RN P13-3 MHAR I &%
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e BRI AR S R S
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33 AEAMEZEMNSEM (FR) XBEPAXZERHK
sEA

WHLE I AR K S 63%~75%, A
TR X 6 A Oases, B E, A
WY 3 N REZ M (R ) BB &K S ok
43%~49%, NHlEIKEEEE HA 35%, AFIFEL
K, HL, ARREGAEE I 2 B K75
i, R SKEIRE 70% itr, DL R E T RT
T LK 55 o T RIS T 220 R K EERAb,
WTEEH —E AR EH KL G, Seale
S PR R, T EOR R TR K AL A K
P AR R T I RE TS B B G E R 2, ok
1B B 5 v B JEURE BT A e LR TR A e, il
pH HGHEREAE, MR Zep A . BagE ™
& B I U K AL B WK 5 E I R T
At T R IR S IR A SE G R ARBIFIY A R 3
i (FR ) BRTEHERRAK AL B & AR 1.73%~4.52%,
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PRI FroKak Ty 70%, SEFHI; AR P A/
AR TIXRIAR . APTTER, B R
2 BB 7K 53 3% 1 i Ry 43%~49%, I ASRE
ATFIFR, 5 EHR AT TAF sE XL AT
Wil e A REREA T T I
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ARFFEERIN Ty, RE TR R (BR P14-22)
FT4) o0 & 5 Y FAF 2 B2 (A3 i B . A [+
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Effects of Different Planting Densities on
Biomass Yield and Silage Quality of Barley

Zhao Zhun'?, Li Jian"?, Song Ruijiao™?, Guo Yan', Ling Jiangrui', Qi Juncang?

("College of Agriculture,Shihezi University, Shihezi 832003, Xinjiang, China; “The Key Laboratory of
Oasis Eco—Agriculture of Xinjiang Production and Construction Corps, Shihezi 832003, Xinjiang, China)

Abstract In order to determine the effects of planting densities on different barley cultivars (lines) in northern
Xinjiang, three planting densities (2.25x10%, 3.75x10* and 5.25x10" plant/ha) were set in this experiment. We studied
the changes of multiple indexes of three barley cultivars (lines) (P13-3, P14-22 and Kenpimai 13) under the above
planting densities, including agronomic traits, dry matter, nutritional composition of silage raw materials and silage
quality. The results showed that increasing sowing density could significantly reduce the proportion of stems to
leaves and increase the proportion of panicles of P14-22 and P13-3, but it had no significant effect on Kenpimai 13.
The maximum fresh weight was achieved under medium density and maximum dry matter content was increased
significantly in medium and high planting densities. In this experiment, increasing planting density could increase the
contents of neutral and acid detergent fiber, decrease the contents of crude protein, crude fat and crude ash of P13-
3. The increase in planting density had no significant effect on the content of soluble carbohydrate. There was no
significant difference in pH and contents of lactic acid, acetic acid, propionic acid and butyric acid under different
planting densities. In three barley cultivars (lines), Kenpimai 13 was the best one on quality after silage. To sum up,
silage barley in northern Xinjiang has high yield and nutritional quality under the condition of medium density.

Key words Barley (Hordeum vulgare L.); Density; Silage quality; Nutritional value



